INTRODUCTION
Teeth have been marked as a useful body system for age estimation in youth and elderly. 1 In children and adolescents, there are different medico-legal and forensic questions, like the age of criminal responsibility or adult age, where dental age estimation can help to answer. [2] [3] [4] [5] [6] According to the Study Group on Forensic Age Diagnostics (AGFAD; http://agfad.uni-muenster.de) 2 , the examination of different independent developmental systems including teeth is combined, to increase the accuracy of estimated age. 7 For children and juveniles, the radiographs of hand-wrist and the teeth are the most reliable for assessing skeletal and dental development. [8] [9] [10] Developing permanent teeth in children are very useful for age estimation because of the possibility to study mineralization of all teeth on a single, panoramic X-ray (OPT). 11 On the other hand, mineralization of teeth is not affected as is their eruption by external factors, such as crowding, retention or early extraction of deciduous teeth, on the other hand, social, economic or malnutrition status may affect skeletal growth. [12] [13] [14] Most methods of age estimation in children evaluated mineralization of specific sets of teeth, most commonly mandibular. 15 Historically, maxillary teeth were not appropriate for radiologic analysis because of inferior appearance to mandibular teeth and superposition with corresponding skeletal structures on analog X-rays which is now mostly improved and corrected in digital radiography. Distinct stages of mineralization were used to estimate dental mineralization, from the presence of a dental crypt and first calcification to the final closure of apices of the dental roots. 16 Demirjian et al. 16 introduced the most widely used approach for age estimation in children in 1973. Demirjian's method used seven teeth from one side of the mandible while full range mineralization of the teeth was divided into eight stages (A-H). Demirjian's approach, which used stages showed acceptable accuracy, especially after some methodological and statistical adaptation. 17 
MATERIALS AND METHODS
This cross-sectional study was carried out at the Department of Orthodontics, School of Dental Medicine at the University of Sarajevo (SFUNSA). A final randomly selected sample of 560 OPTs (305 girls and 255 boys), taken for different clinical indications during the period between January 2012 until July 2016, were analyzed. Inclusion criteria for OPTs were age between 8 and 14 years, a time when most of the children have an orthodontic examination for the first time, OPTs of high quality and presence of all permanent teeth. Exclusion criteria were no record of dental and skeletal anomalies, hypodontia of permanent teeth, age under 8 and over 14 years. All patients were clinically examined and analyzed at SFUNSA by the first author. Only specific variables of each patient were recorded for this study, including date of birth and OPT, gender and identification number, without the possibility to identify patients. All patients' parents or guardians previously signed an agreement and protocol with SFUNSA that clinically collected data and information from OPTs and other radiologic material that may be used for research without the possibility to identify the patient. The study was conducted by the ethical standards laid down in the Declaration of Helsinki (Finland) where the World Medical Association (WMA) developed the Declaration of Helsinki as a statement of ethical principles for medical research involving human subjects. 21 Patients were divided into seven age groups according to real age. For example, the group of 10-years-olds includes all individuals of ages from 10.00 to 10.99. Table 1 shows the distribution of OPTs according to age groups and gender. Cameriere's method was based on regression analysis of age as a dependent variable, and normalized measurements of open apices of the first seven mandibular teeth on the OPT, where gender (g) and number of teeth with finished maturation of root apex (N 0 ) are important dependent variables in calculating DA. 19 All teeth without completed root maturation were analyzed, and the distance between the inner side of the open apices (A i , i=1,…,5) was measured. The sum of the distances between the inner sides of the two open apices was calculated for teeth with two roots (A i , i=6, 7). Distances of open apices were normalized by dividing by the tooth length (L i , i=1,…,7) to minimize the effects of differences among X-rays in magnification and angulation. where g is a variable, with g=1 for boys and g=0 for girls, s is the sum of the normalized widths of apices of the seven left permanent developing mandibular teeth (x i = A i / L i , i = 1, . . ., 7) , and x 5 is the normalized measurement of the second premolar. 
Statistical analysis
Repeatability and reproducibility of normalized widths of open apices or Intra-rater and inter-rater agreement between the same and the second observer were calculated by intra-class correlation coefficients. 22 Cohen Kappa score (kappa) was used to calculate the intra-and inter-rater agreement of some teeth with a closed apex or N 0 . In total 60 randomly selected OPTs were examined two weeks after the final examination of OPT samples. The real age of each child was calculated as the difference between dental age according to Cameriere's European formula (DA) and chronological age (CA) or DA-CA. The Pearson correlation coefficient evaluated the relationship between DA and CA. Paired samples T-test was used to compare DA and CA, where positive values of DA-CA show an overestimation of dental age while negative values show underestimation. Mean absolute error (MAE) between DA and CA was used to quantify the accuracy of the method because DA-CA may overestimate or underestimate the dental age while MAE shows the error rate no matter if DA overestimates or underestimates CA. The mean absolute error or MAE was used to quantify the performance of AD, the absolute values of the differences between CA (Age i , i = 1,..., n) and DA (Age est,i , i = 1, . . ., n):
where n is the number of subjects in the sample, and E i , (i = 1, . . ., n) is the absolute value of the i th residual, or the difference between the DA and CA of the ith individual:
A positive value of DA-CA indicates overestimation while a negative value indicates underestimation of DA to CA. 18 Kolmogorov-Smirnov test was used to test the normality of distribution of DA-CA, while Analysis of variance (ANOVA) was used to test if gender and age group as factors affect the variability of DA-CA.
RESULTS
Intra-class correlation coefficients for the same and a different observer were 0.949 (95% CI, 0.916 to 0.969) and 0.923 (95% CI, 0.874 to 0.953) which is in almost excellent agreement (P <0.001). Kappa for the same and a different observer was 1.00. Pearson correlation coefficients were 0.925 and 0.936 for girls and boys respectively, which indicates a strong correlation between dental and chronological age. There was no statistically significant difference in real age between girls (11.66 ± 2.04 years) and boys (11.57±2.06), (P =0.597). The mean dental ages were 11.52±1.81 years and 11.41 ± 1.99 years in girls and boys respectively. Cameriere's European formula underestimated dental age in both genders, Table 2 . The greatest underestimation was for the last 14-years-old group. Figure 2 shows the distribution of DA-CA across age groups, boxplots show median and interquartile ranges, while whiskers are lines extending from the box to indicate the highest and lowest values, excluding outliers. In girls, dental age overestimates in 8, 9 and 11-year-olds, while in 10, 12, 13 and 14-year-olds underestimates dental age. In boys, dental age overestimates in 8, 10, 12 and 13-year-olds while in 9, 11 and in 14 years underestimates, Table 2 and Figure  2 . Kolmogorov-Smirnov test for normality showed that DA-CA variables are normally distributed (P<0.200). ANOVA showed no statistically significant difference between girls and boys in DA-CA (Table 3) , while Bonferroni post-test showed that there is a statistically significant difference between 14-year-olds and all other age groups (P<0.05) and 13-year-olds and eight-yearolds (P=0.030). The values of MAE varied between 0.35 years in 10-year-olds to 1.05 years in 14-years-old girls and between 0.38 years in 8-year olds to 0.81 in 12-year old boys, Table 2 .
DISCUSSION
In this study, we evaluated the Cameriere European formula on the sample OPTs of orthodontic patients from SFUNSA to verify the usefulness of the method in the children from the particular region in Bosnia and Herzegovina. Obtained results indicate that the European formula is useful for age estimation in the tested population. The greatest error or underestimation was found in the children of 14 years of age. Liversidge 24 pointed out that at the age of 13 only a few children will not have finished maturation of the second molars and they are excluded from the testing sample. The proportion of the children with the unfinished maturation of the second molar visible on the OPT and available for measurement drastically decreases. 25 Ambarkova et al. 25 reported that first individuals with the complete maturation of the second molars were at the age of 12 years, while at the 13 years of age 27 of 32 (84%) girls and 13 of 32 (41%) boys have finished maturation of the second molar. Both the particular regression model and proportion of individuals with delayed maturation may contribute to the underestimation of dental age in the 14-years-old group. Further study should address this matter more extensively. Dental age was slightly underestimated in both genders. A cohort of the DA-CA across age groups showed that in the oldest age group error is the greatest and dental age underestimates by over a year in girls and over eight months in boys. If we would exclude the last 14-year olds group from our sample from the analysis, the mean values of DA-CA are 0.007±0.71 years and -0.05±0.69 years and MAE of 0.55±0.44 years and 0.53±0.44 in girls and boys respectively. Cameriere's European formula was tested in different regions of the world. 7, 18, [26] [27] [28] [29] [30] The European formula was compared to Willems and Haavikko methods on a sample of 1098 OPTs within age range between 6 and 13 years in the previous study from Bosnia and Herzegovina, DA overestimated for 0.09 years for girls (MAE, 0.53 years) and underestimated by -0.02 years for boys (MAE, 0.55 years), very close to our results of the same age range. 18 Contrary to our study in which we analyzed digital OPTs from a single institution, Galić et al. 18 used analog OPTs which were photographed by the digital camera. Galić et al. 18 collected samples from different regions to represent a population within the entire country more definitively. Another study on the sample from Italy, Spain, and Croatia showed the median error of 0.081 years and 0.036 years while MAE was 0.48 years and 0.50 years in girls and boys, respectively. 31 The most recent Colombian study by Rivera et al. 32 also reported the substantial accuracy of the European formula; the mean underestimation was -0.25 years in girls (MAE, 0.57 years) and overestimation 0.08 years (MAE, 0.57 years).
Presented results indicate that Cameriere's European formula can be a useful tool dental age estimation in children from Bosnia and Herzegovina.
CONCLUSION
Our study showed the consistency in the accuracy of Cameriere's European formula on the sample from the Canton of Sarajevo. The results showed both good accuracy and reliability for estimation of dental age in children up to 14 years of age. Single regression formula showed a small difference in error, both DA-CA, and MAE. Since the study only had the available age range of a particular sample of orthodontic patients, further studies should evaluate the usefulness of the method in the younger children. 
